The effects of trypsin and chymotrypsin on the infectivity, morphology and antigenic properties of the Indiana and Brazil strains of vesicular stomatitis virus have been studied. Each enzyme reduced the infectivity of the Indiana strain by about IOOOO-fold but the infectivity of the Brazil strain was unaffected. Electron microscopy of the treated particles and polyacrylamide gel electrophoresis of the viral polypeptides showed that each enzyme removed all the surface projections of the Indiana virus but about one-third of the projections of the Brazil virus were resistant. Complement fixation tests showed that, in contrast to the complete removal of the antigenic activity from the surface of the Indiana virus, about onethird of the surface antigenic activity of the Brazil strain was retained. The enzymeresistant projections of the Brazil virus absorbed neutralizing antibody from the homologous antiserum but were much less active in stimulating the production of neutralizing antibody in guinea pigs although the level of complement fixing antibody produced was similar to that produced by the intact virus. Amino acid analysis also gave differences between the total and enzyme-resistant surface projections. These results suggest that, in contrast to the Indiana virus, the Brazil virus possesses two surface projections which differ in their resistance to proteolytic enzymes.
INTRODUCTION
The structure of vesicular stomatitis virus (VSV) has been examined in considerable detail during the last few years (see review by Howatson, I97O). Most of this structural work has been done with the Indiana serotype but the same basic features appear to be present in the New Jersey serotype. Each virus serotype is bullet-shaped and consists of an internal helical structure surrounded by a membrane which carries fine projections on its outer surface. Each virus contains three major proteins: (I) the G protein which constitutes the surface projections and is the antigen capable of binding neutralizing antibodies and of eliciting their formation; (2) the M protein which surrounds the ribonucleoprotein; (3) the N protein which is associated with the viral RNA to form the helical ribonucleoprotein (RNP). In addition each virus contains two minor (L and NS) proteins.
In addition to the classical indiana and New Jersey serotypes, three isolates from Trinidad (Cocal virus; Jonkers et aL 1964) , Argentina (Argentina virus; Garcia Pirazzi, Caggiano & Alonso Fernandez, 1963) 
I9o
F. BUSSEREAU AND OTHERS although they showed marked antigenic differences within the type (Federer et al. I967; Cartwright & Brown, 1972) . In experiments designed to elucidate the serological relationships between the different members of the Indiana serotype, it was noticed that the Cocal, Argentina and Brazil strains were much more resistant than the classical Indiana strain to the action of trypsin. Thus, trypsin at a concentration of o.I mg/ml reduced the infectivity of the classical strain IOOOO-fold and removed the surface projections in less than I min at 37 °C whereas the same concentration of the enzyme had much less effect on the infectivity of the Cocal strain and no effect on the infectivity of the Argentina and Brazil strains. Additionally the surface projections of the Argentina and Brazil strains appeared not to be removed by the enzyme. This interesting difference between the classical strain and the three new sub-types led us to examine the phenomenon in greater detail. These investigations form the subject of this paper.
METHODS
Viruses. All the virus isolates used were described in detail by Cartwright & Brown (1972) . They were grown in BHK 21 cell monolayers in Eagle's medium when non-radioactive virus or virus labelled with [aH]-glucosamine was required. Otherwise Eagle's medium deficient in certain amino acids, supplemented with the corresponding radioactive amino acids, was used. The viruses were titrated in mice or by plaque assay in BHK 21 cells (Brown et al. 1967) .
Hyperimmune sera and neutralization tests. These were prepared and performed as described by Cartwright & Brown (1972) .
Virus purifieation and analysis. The viruses were purified by the methods described previously, namely by centrifuging for I h at 4oooo g followed by centrifuging the resuspended pellet for 2 h at 4oooo g in 15 to 45 ~ sucrose gradients using the SW25 rotor of the Spinco Ultracentrifuge.
Complement fixation tests. Dilutions of virus and enzyme treated virus were allowed to react with an excess of antiserum in the presence of serially increasing amounts of complement (Brooksby, 1952 ) . The 5o ~o haemolytic end point, calculated by the use of probits, gave results accurate to _+ 5 ~.
Polyacrylamide gel electrophoresis of the viral polypeptides. The method described by Cartwright, Talbot & Brown (197o) was used.
Eleetron microseopy. A drop of the purified virus or enzyme-treated preparation was mixed with an equal volume of 3 ~ phosphotungstic acid adjusted to pH 6"5 and placed on a carbon-formvar grid. Excess fluid was removed by means of a filter paper and the grid was examined immediately in a Siemens Elmiskop I electron microscope.
Preparation of surface glyeoprotein for amino acid analysis. Purified virus from a tartrateglycerol density gradient (Obijeski et al. 1974 ) was pelleted at 6oooog for I h and then re-suspended in 5 ml o.oi M-phosphate buffer, pH 7"6. The solution was made to z ~ (w/v) Triton X-Ioo, stirred for 3o min at room temperature and then centrifuged at I IOOOO g for 9o min to separate the surface projections from the residual particles. The glycoprotein was separated from the supernatant fluid by precipitation with 3 vol. acetone at -2o °C and electrophoresed in several 7"5 ~ polyacrylamide gels. The bands were visualized by cooling the gels to 4 °C, excised and eluted with I ~ (w/v) SDS. The eluate was filtered twice through o.45 #m 'Millipore' membranes, concentrated by rotary evaporation and extracted with 3 vol. acetone at -2o °C to obtain detergent-free glycoprotein.
The enzyme resistant surface projections were prepared similarly except that the virus was first treated with trypsin (o.I mg/ml) for 15 min at 37 °C, the reaction stopped with soya bean inhibitor and then pelleted through a cushion of I5 ~ sucrose.
Glycoproteins of VSV I9 I
Amino acid analysis. Samples were hydrolysed in vacuo in 6 ml of 6-I ~-HC1 at t Io °C for 24 and 70 h. For the determination of methionine and cysteine/cystine, samples were oxidized with performic acid prior to hydrolysis (Moore, I963) . Analyses were conducted in triplicate in a Bio-Cal BC zoo amino acid analyser using a single column, three-buffer system (sodium citrate). Maximum values for the amino acids were either taken directly from the data or derived by extrapolation to zero hydrolysis time.
RESULTS

Effect of trypsin and chymotrypsin on the infectivity of different strains of vesicular stomatitis virus
Unfractionated virus grown in BHK 2I cells was diluted Ioo-fold (to minimize any inhibitory activity due to the presence of traces of serum), mixed with trypsin (o.I mg/ml final concentration) or chymotrypsin (o'5 mg]ml) and incubated for 3o min at 37 °C. Samples were diluted immediately for the assay of infectivity. There was a marked difference in the action of the enzymes on the viruses (Table I) . Whereas the infectivity of the Indiana and New Jersey viruses was reduced by about Ioooo-fold, the Argentina and Brazil strains were resistant to the enzymes and the infectivity of the Cocal strain was reduced to a limited extent. Similar differences were found with sucrose gradient purified viruses.
To eliminate the possibility of mixed populations of virus particles with different susceptibilities, each virus strain was plaque purified and different clones used for the preparation of virus harvests. These harvests gave the same results as those obtained with the uncloned viruses. Subsequent experiments were made with the Indiana and Brazil strains as representatives of a sensitive and resistant virus respectively.
Effect of trypsin and chymotrypsin on the infectivity and complement fixing activity
of the Indiana and Brazil viruses Sucrose gradient purified preparations of each virus were incubated at 37 °C with different amounts of trypsin or chymotrypsin and portions removed at intervals for infectivity determinations and assay of complement fixing activity. The results, which are summarized in Fig. I , show that the infectivity and complement fixing activity of the Indiana strain were rapidly reduced by each enzyme. However, the infectivity of the Brazil strain was reduced by less than Io-fold, even after incubation for 6o min. The complement fixing activity was reduced by 7o ~ in 3 ° min but did not fall any further on prolonged incubation.
The complement fixing activity which remained following prolonged incubation of the Brazil strain with the enzymes was shown to be due to the glycoprotein and not the RNP by determinations made on the particles after disruption with o.t ~ sodium deoxycholate. This treatment, which makes the RNP available for reaction (Cartwright & Brown, I972) increased the complement fixing titre of a purified preparation from 23. 5 to 30"5 units. The activity of the chymotrypsin-treated virus, which in this experiment was 36 ~ of the original preparation, was increased by 6"9 units after similar disruption with sodium deoxycholate (Table 2) .
In another experiment the enzyme-treated particles were mixed with Triton X-Ioo to remove the residual surface projections and separated on Sephadex G-2oo. These stripped particles did not fix complement with virus antiserum but did so after treatment with sodium deoxycholate. This affords further evidence that the complement fixing activity of the enzyme-treated particles is not due to the RNP. * The unfractionated viruses were diluted too-fold in 0"04 u-phosphate, pH 7"6, and incubated at 37 °C for 3o min with o-I mg trypsin or o'5 mg chymotrypsin per ml. 
Morphology of the enzyme-treated particles
We had shown previously that trypsin removes the surface projections of the Indiana virus (Cartwright, Smale & Brown, ~969) and chymotrypsin was seen to have a similar effect on the virus (Fig. 2) . In contrast, the Brazil strain appeared to retain a considerable proportion of the surface projections after treatment with each of the enzymes (Fig. 2) . * The activity is expressed as the number of mI of 3x6 C 1 (guinea pig serum) fixed by I ml of antigen.
Polyacrylamide gel electrophoresis of the polypeptides of the enzyme-treated particles
Analysis of the virus polypeptides by polyacrylamide gel electrophoresis, using Coomassie blue staining and radioactive labelling, showed that all the glycoprotein of the Indiana virus was removed by chymotrypsin, although the other polypeptides were unaffected (Fig. 3 a, b) . In contrast, the Brazil strain retained about one-third of the original glycoprotein (Fig.  3 c, d ). This amount of glycoprotein corresponds to the residual complement fixing activity after similar exposure to the enzymes. As with the Indiana virus, the amounts of the other polypeptides of the Brazil virus were not altered by the enzymes. Incubation with increasing amounts of the enzymes did not remove the residual glycoprotein.
Antigenic properties of the sensitive and resistant spikes of Brazil virus
Enzyme-treated virus particles stimulated the production of considerably less neutralizing antibody than the intact virus particles when preparations inactivated with o'o5 ~ acetylethyleneimine at 37 °C for 6 h were inoculated into guinea pigs (Table 3 ). To examine whether the different response was due to the smaller number of surface projections on the treated particles, inactivated samples of untreated and chymotrypsin-treated virus preparations were first disrupted with o-2 ~ Nonidet P4o to release the projections prior to inoculation into guinea pigs. With these preparations also, the response to the enzymetreated virus was considerably less than the response to the untreated virus ( Table 3 ), indicating that the enzyme-resistant projections elicited much lower levels of neutralizing antibody even after release from the virus particles.
However, the preparations of virus and chymotrypsin-treated virus which elicited such widely different levels of neutralizing antibody, produced approximately the same amount of antibody to the RNP. Thus, undiluted sera, produced by inoculating virus or chymotrypsin-treated virus particles, neutralized 5"5 and I-9 logs of virus infectivity respectively whereas the I : IOO dilutions of the same sera neutralized 4"o and 3"8 logs of the infectivity of the nucleocapsid released by Tween-ether treatment. Probably of more relevance was the demonstration that the antiserum to chymotrypsin-treated virus fixed about one-eighth of the complement fixed by the virus antiserum using either untreated or treated particles as antigen. Since the enzyme-treated particles possess only about one-third of the number of projections present on the intact virus particles, this result indicates that the surface projections of the chymotrypsin-treated virus particles still possess the property of producing appreciable amounts of complement fixing antibody.
The enzyme-treated virus particles also blocked the neutralizing activity of hyperimmune serum. Using equal volumes of untreated and treated virus preparations, the amount of neutralizing antibody absorbed was the same in each mixture (Table 4) .
The antibody produced by inoculating enzyme-treated particles was no more efficient in neutralizing the enzyme-treated particles than in neutralizing intact virus particles. Thus
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Trypsin Chymotrypsin Brazil 30 nm an antiserum to chymotrypsin-treated virus which neutralized 3"I logs of virus neutralized 3"5 logs of chymotrypsin-treated virus infectivity.
Amino acid analysis
The amino acid analyses revealed differences between the total and trypsin-resistant glycoproteins (Table 5 ), in particular the amino acids, serine, glutamic acid, glycine, methionine, leucine and lysine. We consider that these differences are not due to experimental error because the range of values obtained in three sets of analyses for any of these amino acids in the total glycoprotein did not overlap the range for the same amino acid in the trypsin-resistant glycoprotein. For example, values for serine in the 24 h hydrolysis of total glycoprotein were 8"33, 8"48 and 8"74 moles per cent whereas values of 7"9~, 7"92 and 1 "5 2-0 Isoleucine 5"4 5"6 Leucine 7"3 7"9 Tyrosine 4" t 3 '9 Phenylalanine 5"3 5"2 Lysine 4"5 4"9 Histidine 2"5 2"5 Arginine 3"9 3 "9 * The results are expressed as moles per Ioo moles of amino acid. t Determination made on oxidized protein.
8"02 moles per cent were obtained with the trypsin resistant glycoprotein. These results were typical of those where we have suggested that there are differences in amino acid content of the two g|ycoproteins. These differences were found in both the 24 and 7o h hydrolyses.
DISCUSSION
The results described in this paper demonstrate the considerable difference in susceptibility to two proteolytic enzymes of five strains of VSV. Whereas the classical strains of the New Jersey and Indiana serotypes showed a IOOOO-fold loss in infectivity, the Cocal strain was much less affected and the Argentina and Brazil strains retained most of their infectivity under identical conditions of hydrolysis.
Using the Indiana and Brazil viruses for a detailed study of this difference in susceptibility, it has been shown that about one-third of the surface projections of the Brazil strain are resistant in situ to the action of the enzymes. The resistant projections absorbed the specific virus neutralizing antibody from immune sera as efficiently as the sensitive projections, thus demonstrating an antigenic similarity of the two projections. However, the resistant projections elicited the formation of much lower levels of neutralizing antibody when inoculated into guinea pigs, even when they were first released from the virus particles by treatment with Nonidet. After making allowance for the smaller number of surface projections inoculated into the animals, the antisera produced by the untreated and enzymetreated virus particles fixed comparable amounts of complement, using either virus or enzyme-treated virus as antigen. This means that the resistant surface projection elicits the production of as much antibody as the sensitive projection but that the antibody against the resistant projection has poor neutralizing activity. Since removal of the projections from the virus membrane by treatment with Nonidet failed to increase the capacity of the resistant projections to raise neutralizing antibody, it seems unlikely that the inefficiency of the resistant projections is due to masking of the immunodeterminant by virus lipid.
Amino acid analyses indicated differences between the compositions of the trypsin resistant and total glycoproteins ( Table 5 ). The data suggests that Brazil virus has two chemically distinct species of glycoprotein. However, the virus may have one species of glycoprotein which exists in two configurations, one of which is sensitive to trypsin or chymotrypsin whereas the second is resistant with the exception of a terminal segment. Enzymic removal of such a segment could account for the differences we have observed without necessarily affecting the apparent mobility of the enzyme resistant configuration in SDS-polyacrylamide gels.
A similar situation is known to occur with a major glycoprotein of the human erythrocyte membrane (Slutzky & Ji, 1974 )-Both configurations of this glycoprotein (probably strongly and weakly associated dimers) have identical peptide maps, but differ considerably with regard to their sensitivity to trypsin and chymotrypsin.
The difference in susceptibility to trypsin and chymotrypsin of the projections of the Brazil virus and their difference in antigenicity indicate to us that this virus possesses two distinct species of surface projection. This conclusion is supported by the amino acid analyses of the total and resistant glycoproteins and peptide mapping experiments should provide unequivocal evidence on this point.
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